In a study on 115 patients with stages 2 to 5 CKD and the age of more than 14 years old, we found vitamin D deficiency as the serum level of 25 (OH)D3 <30 ng/mL, is common in CKD patients. There was a positive correlation between the serum levels of 25(OH)D3 and levels of PTH. The findings indicated that administration of vitamin D3 in all CKD patients with vitamin D deficiency was effective in reducing the serum levels of PTH. 
Introduction
Vitamin D absorbs from the diet or synthesis in derma from sunlight, but this product is biologically inactive and requires becoming active by hydroxylation in the liver and kidney (1) . Active vitamin D stimulates absorption of calcium and phosphate from the intestine and kidney. It plays an important role in the mineral and bone homeostasis. Two essential pre-hormones are cholecalciferol [25(OH)D3] and ergocalciferol [25(OH) D2]. A variety of causes develop vitamin D deficiency and insufficiency including low sun exposure, malabsorption, obesity, autoimmune disease and chronic kidney disease (CKD) (2) . A low serum level of vitamin D is associated with some disorders including multiple sclerosis, malignancy, cardiovascular disease and immune system dysfunction (3) . Also, vitamin D deficiency is related to increase the risk of mortality in end-stage renal disease (ESRD) and in general population (4, 5) . Vitamin D has a significant role in the calcium and phosphorus homeostasis, suppression of parathyroid hormone, muscular balance and regulation of bone mineralization (5) . Consequently, low levels of serum vitamin D develop elevation of serum PTH concentration in both healthy and CKD cases (6) . Vitamin D deficiency is defined when 25(OH)D3 is less than 20-30 ng/mL (3). In 2009, vitamin D supplement was recommended for the kidney disease (7) .
Objectives
The goal of this study was to compare the levels of 25(OH)D3 deficiencies in stages 2-5 CKD patients and to determine the effect of administration of vitamin D3 on serum PTH, calcium (Ca), phosphorus (P), Ca × P product, and alkaline phosphates (ALP).
Patients and Methods
This study was conducted in the nephrology outpatient clinic of Vali-e-Asr hospital of Zanjan University and three hemodialysis centers in Tehran. Duration of the study was four months. Different stages of CKD (stage 2: GFR = 60-89 cc/min; stage 3: GFR = 59-30 cc/min; stage 4: GFR = 15-29 cc/min; and stage 5, under HD, GFR <15 cc/min) have been considered. In addition, CKD patients diagnosed with vitamin D deficiency who were more than 14 years old with treatment of calcitriol and phosphate binder for at least 6 months were included. Patients with nephrotic syndrome, tertiary hyperparathyroidism, history of calcium kidney stone or excretion of calcium in 24 hours urine, and taking any medication that interfered with serum levels of vitamin D were excluded from the study. In this study, we considered a vitamin D deficiency when the serum level of 25(OH)D3 is less than 30 ng/mL. We compared the measured level of 25(OH)D3 in the study groups and then evaluated and compared the injection effect of 25(OH) D3 on serum intact PTH (iPTH), Ca, P, Ca × P product, ALP. Fasting blood samples to assess of Ca, P, ALP, albumin, 25(OH) D3 and iPTH were obtained at base line, at after 2 months and at the end of the study, if it was necessary. Serum of blood samples were tested for Ca by Arsenazo, P by photometric, ALP by photometric, albumin by Bromocresol Green, 25(OH) D3 by Acetonitile and iPTH level by immunoradiometric assay. Patients were treated with calcium carbonate, renagel and calcitriol according to the level of Ca, P and iPTH; the use of supplements continued during the study. Patients received intramuscular shot of cholecalciferol (vitamin D3) 300 000 units at the beginning and at the end of 2-month, if it was necessary. This re-administration was performed, if level of 25(OH) D3 still was less than 30 ng/mL. Over 2 and 4 months after treatment, the data was collected to assess the effects of vitamin D on Ca, P, Ca×P product, ALP and iPTH. Serum calcium concentration was corrected by serum albumin concentration and GFR was calculated according to the abbreviated the modification of diet in renal disease (MDRD) formula.
Ethical issues
1) The research followed the tenets of the Declaration of Helsinki; 2) informed consent was obtained; and 3) This study was approved by the Ethics Committee of Zanjan University of Medical Sciences (ethical code # 90-514-01).
Statistical analysis
Statistical analysis was performed using SPSS for Windows (version 22) software. Data was created as mean ± standard deviation (SD) for continuous variables and n (%) for categorical variables. Chi-square test was used for comparisons of categorical variables. Additionally analysis of variance (ANOVA) test was used for normal variables. Mann-Whitney U, Wilcoxon signed-rank and Friedman tests were used for non-normal variables. Correlation analysis has been done with the use of Spearman's correlation measure. All of the statistical tests were two-sided. P values of less than 0.05 were considered significant.
Results
In this study, 115 patients enrolled to the investigation (stage 2; 6 patients, stage 3; 31 patients, stage 4; 21 patients and finally stage 5 under HD was 57 patients). Demographic information of patients has been shown in Table 1 . The serum 25(OH) D3 levels in all subjects were low. As presented in Table 1 , at the base line, the mean of serum 25(OH) D in stages 2, 3, 4 and 5 CKD under HD were 14.85 ± 7.8 ng/mL, 16.48 ± 7.8 ng/mL,16.33 ± 8.1 ng/mL and 13.86 ± 6.5 ng/mL, respectively (P = 0.33). Also, when serum levels of 25(OH) D3 were low, the amount of serum levels of iPTH were high for all stages CKD 2-5. Spearman's correlation showed an inverse relationship between vitamin D and iPTH in base line (r = -0.236, P = 0.011; Table 2 ). After 2 months of vitamin D3 administration, Spearman's correlation coefficient showed a significant relation between PTH, 25(OH) D3 and other biochemical markers ( Table 2 ). The mean of body mass index (BMI) was found to be similar on all stages CKD. BMI had no significant effect on the serum 25(OH) D3 levels (Spearman's correlation r = 0.03, P = 0.78) of all patients in all groups. Furthermore, age did not show any correlation with the serum 25(OH) D3 levels (Spearman's correlation; r = -0.04, P = 0.6) ( Table  2) . Females with stages 2-4 CKD had more vitamin D3 deficiency than male significantly (19.8 ± 7 vs. 13.7 ± 7 ng/ mL, P = 0.005). Two months after injection of cholecalciferol (300 000 IU/IM vitamin D3), a significant elevation of 25(OH) D3 concentration from baseline was detected as follows: stage 2 from 14.85 ng/mL (95% CI, 8.6-21.2) to 28.62 ng/ mL (95% CI, 23.6-33.8), P = 0.001; stage 3 from 16.48 ng/ mL (95% CI, 13.7-19.2) to 37.79 ng/mL (95% CI, 32.3-43.1), P < 0.001; stage 4 from 16.33 ng/mL (95% CI, 12.8 -19.8) to 31.14 ng/mL (95% CI, 24.5-37.7), P = 0.001 and finally stage 5 (HD) patients from 13.85 ng/mL (95% CI, 12.2-15.5) to 48.48 ng/mL (95% CI, 43.1-53.9), P < 0.001 (Table 3 ). In addition, 2 months after injection of cholecalciferol, serum iPTH level of participants reduced as follow: stage 2 (70.85 ± 16.8 to 59.38 ± 25.4 pg/mL, P = 0.34); stage 3 (69.67 ± 39.2 to 62.41 ± 29.1 pg/ml, P = 0.18); stage 4 (123.74 ± 92.5 to 91.02 ± 69.4 pg/mL, P = 0.003); and finally HD patients (567.22 ± 276.7 to 282.77 ± 183.65 pg/ mL, P < 0.001). A significant relationship between iPTH and levels of 25(OH) D3 has been shown at stages 4 and 5 CKD patients (Table 3) . Accordingly, no significant change of serum of Ca or P after treatment was detected. However significant increases was observed in Ca × P product in stage 3 (P = 0.029; Table 3 ). Out of 115 cases included in the study, the levels of 25(OH) D3 reached to more than 30 ng/mL after first injection of vitamin D3 in 85 patients. Around 25 persons received second injection in second month, which caused the level of 25(OH) D3 reaches to more than 30 ng/mL in 20 of them. However, the amount of vitamin remained less than 30 ng/mL in five remaining cases. Additionally five participants did not pursue the study (Table 4) . The results show the efficacy of injected vitamin D3 after 2 months was higher in stages 3 and 5 than stages 2 and 4 CKD (P = 0.003).
Discussion
Low level of 25(OH)D3 has been reported in the normal populations and CKD patients (8) . Low level of vitamin D3 is associated with osteoporosis, rickets, cardiovascular disorder, some autoimmune disease, multiple sclerosis, diabetes mellitus and some cancers (9) . It has been suggested that low level of vitamin D decreases the survival of general population and CKD and HD patients (10, 11) . Recent observations showed a positive relation between level of 25(OH)D and 1.25(OH)2 D in CKD patients (8, 12, 13) . Vitamin D can suppress PTH production in the parathyroid glands (3). As a result, low serum level of vitamin D inversely increases serum PTH concentration in healthy and CKD patients (14) . In our study, we compared vitamin D3 deficiency in different stages of CKD. Then at the base line we evaluated the relations between the serum level of vitamin D3 with blood level of PTH, Ca, P, ALP and CA × P product; then effect of administration of vitamin D3 on these biochemical markers was investigated. Melamed and Thadhani reported that there is an association between stage of CKD and vitamin D deficiency (11) . This association is probably related to poor appetite, protein restriction, activity loss and less exposure to sunlight (11) . Many studies have shown 25(OH) D values are less than 30 ng/mL in patients with CKD and ESRD (13, 15, 16) . Other investigators have found a positive association between low level of 25(OH) D and PTH levels in CKD cases (17, 18) . In our study, the lowest mean level of vitamin D was measured in stage 2 and 5 CKD patients. In HD patients, the lowest level of vitamin D3 was probably attributed to their low activity and not exposure to the sun; since the number of patients on stage 2 was low, we could not rely on this accidental finding. Based on a previous study (19) and our findings, there is an association between serum level of 25(OH) D3 and PTH levels at all stages of CKD; this connection was more obvious in stage 5 CKD patients. It is suggested that, if hyperparathyroidism is detected in CKD patients with vitamin D deficiency, this abnormality should be corrected with hyperparathyroidism control (8) .
Researchers have shown that increasing serum 25(OH) D concentrations by administration of cholecalciferol can reduce serum PTH levels (20) (21) (22) (23) . However, Kovesdy et al believes inactive vitamin D cannot reduce PTH levels (24) . In our study, injecting vitamin D3 (300 000 IU/IM) after 2 months significantly decreased serum PTH levels at stages 4 and 5 CKD. 
Conclusion
Vitamin D3 supplement is needed in CKD patients. Further studies are required to clarify the optimal time to screen vitamin D deficiency, efficiency of vitamin D3 to control hyperparathyroidism and outcome of inactive vitamin D3 therapy.
Limitations of the study
There was a risk of vascular calcification and hypercalcemia due to vitamin D supplement. So we used it with caution during treatment.
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